For metabolic analysis of steroidal glycosides, 1) we selected the tomato as part of our systematic investigation of the constituents of Solanum plants. 2) We recognized that the tomato would be appropriate because we were convinced that it had steroidal glycosides, as its aerial parts and immature fruits are rich sources of tomatine. Hence, we isolated steroidal glycosides from the ripe fruit. In Japanese tomatoes, mini tomatoes, Momotaro tomatoes, and midi tomatoes, we were the first to identify a steroidal saponin named esculeoside A (1) as a major tomato saponin in a yield of 0.0015-0.046%. [3] [4] [5] From Italian tomatoes, we isolated esculeoside B-1 (2) in a yield of 0.019%. 3, 4) As other minor constituents of the ripe fruits of mini, midi, and Momotaro tomatoes, we have isolated many steroidal compounds so far by using various column chromatographies on Diaion HP-20, Chromatorex NH, and silica gel, as well as high-performance liquid chromatography on octadecylsilyl (ODS) silica, as shown in Fig. 1 . [6] [7] [8] Esculeoside B-1 (2) corresponds to an isomer of esculeoside A (1).
For metabolic analysis of steroidal glycosides, 1) we selected the tomato as part of our systematic investigation of the constituents of Solanum plants. 2) We recognized that the tomato would be appropriate because we were convinced that it had steroidal glycosides, as its aerial parts and immature fruits are rich sources of tomatine. Hence, we isolated steroidal glycosides from the ripe fruit. In Japanese tomatoes, mini tomatoes, Momotaro tomatoes, and midi tomatoes, we were the first to identify a steroidal saponin named esculeoside A (1) as a major tomato saponin in a yield of 0.0015-0.046%. [3] [4] [5] From Italian tomatoes, we isolated esculeoside B-1 (2) in a yield of 0.019%. 3, 4) As other minor constituents of the ripe fruits of mini, midi, and Momotaro tomatoes, we have isolated many steroidal compounds so far by using various column chromatographies on Diaion HP-20, Chromatorex NH, and silica gel, as well as high-performance liquid chromatography on octadecylsilyl (ODS) silica, as shown in Fig. 1 . [6] [7] [8] Esculeoside B-1 (2) corresponds to an isomer of esculeoside A (1). 9) Detailed investigation of the constituents of local Italian tomatoes, processed tomato products, and imported canned tomatoes, tomato juice, and ketchup is currently in progress. Esculeoside B-1 (2) is the first example of a solanocapsine-type steroidal alkaloid glycoside, the fundamental skeleton of which is very rare and interesting in terms of its chemical structure and unknown pharmacological activity.
Here, we report one example of its rare solanocapsine-type glycoside, esculeoside B-5 (3). A commercial mini tomato was blended briefly with water by a mixer and filtered with a filter paper; the resulting filtrate was then passed through a highly porous polystyrene gel (Diaion HP-20) after elution with water. The water eluate was discarded, and further elution with MeOH was performed to produce an eluate that was evaporated to produce a residue. The MeOH eluate was also subjected to reversed-phase silica gel column chromatography on ODS and elution with 60% MeOH, of which the eluate was evaporated to give a residue. It consisted almost entirely of esculeoside A; it was further chromatographed on silica gel with CHCl 3 : MeOH : H 2 Oϭ7 : 3 : 0.5 to produce five fractions. Fig. 2 . Moreover, nuclear Overhauser enhancement was observed between H-20 at d 3.60 (m) and H-22 at d 3.57, and between H 3 -27 at d 1.16 and OAc at d 2.13. Since the proton signal of H 3 -21 is shifted down slightly to d 1.58 because of the 23-OH group, they lie in a 1,3-diaxial orientation. Therefore, the structure of esculeoside B-5 (3) is represented as (5S,22R,23S,24R,25S)-22,26-epimino-16b,23-epoxy-3b,23,24-trihydroxycholestane 3-O-b-lycotetraoside, as shown in Fig. 3 . This compound might be biosynthesized from lycoperoside G.
9)
Solanocapsine-type glycosides such as esculeoside B-5 (3) are novel and interestingvery natural products.
Experimental
General Procedure Optical rotations were measured with a JASCO P-1020 (lϭ0.5) automatic digital polarimeter. FAB-MS were obtained with a glycerol matrix in the positive ion mode using a JEOL JMS-DX300 and a JMS-DX 303 HF spectrometer. The 1 H-and 13 C-NMR spectra were measured in pyridine-d 5 with JEOL a-500 spectrometer, and chemical shifts are given on a d (ppm) scale with tetramethylsilane (TMS) as the internal standard. Column chromatographies were carried out on a Diaion HP-20 (Mitsubishi Chemical Ind., Japan), and silica gel 60 (230-400 mesh, Merck, Germany). TLC was performed on silica gel plates (Kieselgel 60 F 254 , Merck) and RP C 18 silica gel plates (Merck). The spots on TLC were visualized by UV light (254/366 nm) and sprayed with 10% H 2 SO 4 , followed by heating.
Extraction and Isolation of Compound 3 Commercial mini tomato (783 g) was blended with water using a mixer for a short time (10-20 s) and filtered using filter paper to obtain a filtrate. The filtrate was then passed through a highly porous polystyrene gel (Diaion HP-20) and first eluted with water. The water eluate was discarded, and elution was then carried out using MeOH to obtain an eluate. This eluate was evaporated to obtain a residue (23.4 g), which was subjected to reversed-phase silica gel column chromatography, ODS, eluting with 60% MeOH, the eluate of which was evaporated to obtain the residue (6.8 g). That residue was then chromatographed on silica gel with CHCl 3 : MeOH : H 2 Oϭ7 : 3 : 0.5 to obtain five fractions. Fraction 2 was almost composed of esculeoside A (320 mg). Furthermore, fraction 4 was rechromatographed on silica gel with CHCl 3 -MeOH-H 2 Oϭ6 : 4 : 1 to provide a steroidal glycoside, esculeoside B-5 (3, 12 mg). 88.6 (inner glc C-3), 76.9 (inner glc C-4), 79.8 (inner glc C-5), 63.7 (inner glc C-6), 106.1 (term. glc C-1), 76.8 (term. glc C-2), 79.8 (term. glc C-3), 72.3 (term. glc C-4), 78.8 (term. glc C-5), 64.1 (term. glc C-6), 106.0 (xyl C-1), 76.5 (xyl C-2), 78.6 (xyl C-3), 71.8 (xyl C-4), 68.5 (xyl C-5).
Sugar Analysis A solution of each compound (3) (3.0 mg) in 2 M HCl : dioxane (1 : 1, 2 ml) was heated at 100°C for 1 h. The reaction mixture was diluted with H 2 O and evaporated to remove dioxane. The solution was neutralized with Amberlite MB-3 and passed through a SEP-PAK C 18 cartridge to give a sugar fraction. The sugar fraction was concentrated to dryness in vacuo to give a residue, which was dissolved in CH 3 
